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Abstract. In this paper, we demonstrate the possibility to 
strongly modify the radiated fields of a UMTS handset by 
using a phased two-element PIFA array. The structure is 
composed of a 100x40 mm2 metallic ground plane acting 
as the Printed Circuit Board (PCB) of the mobile phone. 
Two UMTS PIFAs are located at the top edge of this PCB. 
They are fed by a double Quasi-Lumped Coupler able to 
provide a 360° phase difference between its two outputs. 
By properly choosing the DC bias of the double Quasi-
Lumped Coupler, we can set a specific phase difference 
between the two PIFAs. In this way the two-element array 
is able to radiate different electromagnetic fields. 
Simulated and measured radiation patterns in the two main 
planes of the chassis are presented for different phase 
differences. It is especially revealed that the novel two-
antenna structure is able to radiate vertically-polarized 
electric fields in the azimuthal plane of the phone and 
horizontally-polarized electric fields in the same plane 
when changing the phase shift between the antennas from 
0° to 180°. Potential applications are polarization-diver-
sity techniques and Specific Absorption Rate reduction for 
handsets. 
Keywords 
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1. Introduction 
Today, one of the major problems to solve in a com-
munication between a portable unit and a base station is 
dealing with signal fading caused by the multi-path propa-
gating environment. A solution consists in using some 
polarization or pattern-diversity technique at the terminal 
side of the wireless link by means of employing several 
antennas [1]. However, although these techniques can 
easily be theoretically described, implemented and con-
trolled for a regular-sized antenna positioned over a large 
ground plane, the situation is somewhat different for 
several small antennas integrated within a communicating 
object. The small devoted space for the antennas in a 
mobile phone or a PDA, the strong coupling between these 
radiating elements and the unintended coupling with 
nearby metallic components may drastically degrade the 
array capability. For example, pointing the main polarized 
beam in any wanted direction may be difficult or quite 
impossible to achieve. However, at cellular frequency 
bands, the PCB is also a radiating element [2] and modi-
fying the phase difference between the PIFAs has a strong 
influence on the radiating currents flowing on this PCB and 
the associated excited characteristic mode. This effect 
could be helpful in trying to achieve different radiation 
patterns. Recently we designed several UMTS two-antenna 
systems operating on a small ground plane whose size is 
representative of a typical mobile phone [3]. Some of these 
prototypes are using a neutralization technique to achieve 
high port-to-port antenna isolation and enhance their total 
efficiency [4].  
In this paper, we demonstrate the possibility to 
strongly modify the radiated fields of a UMTS handset. 
The structure is composed of a 100x40 mm2 metallic 
ground plane acting as the Printed Circuit Board (PCB) of 
the mobile phone. Two UMTS PIFAs are located at the top 
edge of this PCB. The PIFAs are designed to operate in the 
UMTS band [1920-2170 MHz] with a -6 dB return loss. 
They are fed by a double Quasi-Lumped Coupler (d-QLC) 
able to provide a 360° phase difference between its two 
outputs. The d-QLC is printed on a very thin Duroid sub-
strate (h=0.127mm, r=2.2). By properly choosing the DC 
bias of the d-QLC, we can set a specific phase difference 
between the two PIFAs: the two-element array is able to 
radiate different electromagnetic fields on purpose. Simu-
lated and measured radiation patterns are presented for two 
phase differences. It is especially revealed that the novel 
structure is able to radiate vertically-polarized electric 
fields in the azimuthal plane of the PCB for a 0° phase shift 
between the PIFAs and horizontally-polarized electric 
fields in the same plane when changing the phase shift to 
180°. Potential applications are polarization diversity tech-
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niques for handsets and Specific Absorption Rate reduction 
when modifying the near-field of the Phone.  
2. Design of the Antenna-Structure 
The structure is composed of a 100x40 mm2 metallic 
ground plane acting as the PCB of the mobile phone. Two 
UMTS PIFAs are located at the top edge of this PCB and 
0.12 λ0 spaced if we consider the middle of the UMTS 
band [1920-2170 MHz] as the operating frequency. They 
are fed by a d-QLC able to provide a 360° phase difference 
between its two outputs. A Quasi-Lumped Coupler (QLC) 
is a circuit where the vertical branches of a traditional 
hybrid coupler are replaced by lumped capacitors. The 
structure consists of two horizontal transmission line 
sections of length 1/8 of the guided wavelength and with 
characteristic impedance Z1. These lines are linked by 
varactors (admittance=Y2). The DC biasing circuit is simple 
thanks to the fact that the two horizontal transmission lines 
are electrically isolated. When the capacitance is tuned, the 
S21/S31 phase difference can be set to 90°. Thus, the QLC 
operates as a quadrature tunable power splitter. QLC 
capabilities can be extended by cascading two of them (d-
QLC). First, the 3-dB bandwidth is enlarged and the 
magnitude ratio S31/S21 is additionally doubled. For the 
same capacitance variation, matching and isolation are 
improved. In a second stage, one output branch of the d-
QLC is phase shifted by 90° by using a quarter wavelength 
transmission line (Fig. 1). The two in-phase outputs of the 
second stage are then combined through another QLC with 
fixed capacitors used as a classical 3-dB quadrature hybrid 
coupler. As long as the input signals of the third stage are 
in phase, the power levels of the two output Ports 2 and 3 
will remain equal. However, the phase quadrature is only 
acceptable over a 5% bandwidth. 
 
Fig. 1. Topology and theoretical analysis of the d-QLC. 
This circuit has been simulated with the IMST 
EMPIRE software [5]. Using a capacitor ranging from 
suitable computed values, feeding Port 1 will lead to keep 
S11 and S41 below -10 dB with a variable output phase shift 
(Ports 2&3) ranging from -92° to 91°. When Port 4 is fed, 
the relative phase shift varies from 89° to 273°. The overall 
controllable phase shift capability of the circuit is then 
367°. It should be noticed that the operating bandwidth 
directly depends on the bandwidth of the 90° shifts intro-
duced in the second stage and the 3-dB coupler. Here, we 
use a simple quarter wavelength transmission line but this 
could be enhanced using a metamaterial phase-less line. 
The layout of the fabricated structure is presented in Fig. 2. 
Theoretical developments of the d-QLC are given in [6]–
[9]. The d-QLC has been printed on a very thin Duroid 
substrate (h=0.127mm, r=2.2) and later glued on 
a metallic ground. A picture of the whole structure is given 
in Fig. 3. 
 
Fig. 2. Layout of the fabricated d-QLC. 
 
Fig. 3. Photograph of the phased two-element UMTS PIFA on 
a handset-like chassis.  
3. Measurement of the Antenna-
Structure 
By properly choosing the DC bias of the d-QLC, 
a specific phase difference can be set between the two 
PIFAs. For a two-element array, we have chosen to vary 
this phase difference from 0° to 180°. The matching of the 
structure is not presented here for sake of brevity, but we 
succeeded in keeping it below -6 dB over the whole UMTS 
band for all the different phase values. In Fig. 4a, we 
present the simulated surface currents flowing on the 
PIFAs and the PCB when the two antennas are fed in phase 
at 2 GHz (IE3D Software). It is clearly seen that in-phase 
currents are flowing on the antennas and more important, 
vertical currents on the PCB result from this phase configu-
ration (the first radiating mode of the PCB is excited, [10]). 
In Fig. 4b, we present the simulated surface currents 
flowing on the PIFAs and the PCB when the two antennas 
are fed out-of-phase. It is clearly seen that out-of-phase 
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currents are flowing on the antennas but again, really more 
important, horizontal currents on the PCB result from this 
phase configuration (the second radiating mode of the PCB 
is excited, [10]).  
   
(a)                                      (b) 
Fig. 4. Simulated (IE3D) surface currents flowing on the 
PIFAs and the PCB when the two antennas are fed in 
phase (a) and out-of-phase (b) at 2 GHz  
The analysis of the behavior of the structure for both 
states can be achieved in terms of characteristic modes 
[11]-[12]. A first mode, resonating at 1.2 GHz is excited 
for in-phase feeding (Fig. 5), Jy component being the most 
significant. The dominant λ/2 path L1 can be estimated 
with (1), where L1 has been estimated to be ~131 mm. 
According to the modal analysis, this mode has a quite big 
bandwidth potential and therefore will still exist around the 
operating frequency 2 GHz. 
 GHz1.15
1
0
1 L2
cf  (1) 
L1
L1~ 131mm
L1
 
Fig. 5. Simulated surface currents J1 flowing on the PIFAs 
and the PCB and associated resonant path of the first 
mode that corresponds to the case when the two 
antennas are fed in phase. 
A second mode, resonating at 1.85 GHz is excited for 
out-of-phase feeding (Fig. 6) – now the Jx currents are 
dominating over the antenna surface. The estimated 
resonant frequency according to the dominant λ/2 path 
L2~90 mm can be evaluated similarly: 
 7.1
2 2
0
2  L
cf GHz. (2) 
“Geometric” resonant frequency estimation as given by (1) 
and (2) is in good agreement with the results calculated by 
the characteristic modes (actual eigenvalue behavior is not 
shown here). Characteristic mode approach also nicely 
explains the dual-polarization ability since the eigen-
currents for both excitation scenarios are more or less 
orthogonal. 
L2 ~ 90mm
L2
 
Fig. 6. Simulated surface currents flowing on the PIFAs and 
the PCB and associated resonant path of the second 
mode J2 that corresponds to the case when the two 
antennas are out-of-phase fed. 
In Fig. 7 and 8, we present the simulated and meas-
ured radiation patterns obtained with IE3D when the phase 
difference between the elements are respectively set to 0° 
and 180°. The simulated patterns are obtained when setting 
the proper phase on each PIFA, the d-QLC being omitted 
from this simulation. The measured patterns are obtained 
with the structure presented in Fig. 3, the d-QLC being part 
of the set-up. The measured patterns are obtained only in 
half planes due to practical limitations in our anechoic 
chamber. The antenna is positioned in the X-Y plane and Z 
(0°) is the broadside direction of the antennas. In those two 
situations (0° and 180° phase difference between the ele-
ments), one can see that the structure is still pointing in the 
same direction in the horizontal plane of the PCB (φ=0°) 
but the polarization of the electric field is turned from ver-
tical to horizontal (Fig. 9). A better 3D representation to 
visualize the polarization state and magnitude of the E field 
in both states is given in Fig. 10 based on the visualization 
technique introduced in [16]. From our best knowledge, 
this is the first time we can observe such a phenomenon in 
a UMTS mobile phone even if some attempts have been 
made at higher frequencies [10, 13]. These two patterns are 
especially said to be suitable for polarization diversity in 
MIMO applications [14]. They might be especially suitable 
for SAR reduction [15]. They can be simply obtained by 
setting the proper DC bias on the varactor diodes of the d-
QLC and choosing which antenna-port is fed. 
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Fig. 7. Simulated and measured radiation patterns of the 
structure (0° phase difference) in the azimuthal plane 
of the PCB (upper diagram, φ=0°) and one elevation 
plane of the PCB (lower diagram, φ=90°). 
 
 
Fig. 8. Simulated and measured radiation patterns of the 
structure (180° phase difference) in the azimuthal 
plane of the PCB (upper diagram, φ=0°) and one 
elevation plane of the PCB (lower diagram, φ=90°). 
  
(a) 
 
(b) 
Fig. 9. Simulated 3D total E field of the two-element PIFA 
array – (a) 0° phase difference – (b) 180°. 
 
(a) 
 
(b) 
Fig. 10. Simulated 3D E-field polarization state and magnitude 
of the two-element PIFA array – (a) 0° phase 
difference – (b) 180° phase difference. For each 
direction, the color represents the realized gain and the 
ellipses denote the curves that the electric field vector 
traces as a function of time. 
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4. Conclusion 
In this paper, we described the design of a novel two-
antenna UMTS mobile phone structure able to radiate 
either vertically or horizontally polarized electric fields in 
the azimuthal plane of the phone depending on which 
antenna is fed. Potential applications are polarization diver-
sity and SAR reduction. Further work could concentrate on 
computing the diversity performance in various ideal and 
realistic propagation environments and also to measure it in 
a reverberation chamber. The idea will be to check if there 
is a need to achieve sophisticated diversity polarization 
scheme at the terminal side of the wireless link.  
Acknowledgements 
The authors would like to thank Dirk Manteuffel for 
helpful discussions on the PCB modes, Winfried Simon 
and Andreas Wien for their useful help with the EMPIRE 
software. 
This work has been supported by COST IC0603. 
References 
[1] DIETRICH, C.B., DIETZE, NEALY, K.J.R., STUTZMAN, W.L. 
Spatial, polarization, and pattern diversity for wireless handheld 
terminals. IEEE Transactions on Antennas and Propagation, Sept. 
2001, vol. 49, no. 9, p. 1271-1281. 
[2] VILLANEN, J., OLLIKAINEN, J., KIVEKAS, O., 
VAINIKAINEN, P. Coupling element based mobile terminal 
antenna structures. IEEE Transactions on Antennas and 
Propagation, July 2006, vol. 54, no. 7, p. 2142-2153. 
[3] DIALLO, A., LUXEY, C., LE THUC, P., STARAJ, R., KOS-
SIAVAS, G. Enhanced diversity antennas for UMTS handsets. In 
Proc. 1st European Conf. on Antennas & Propagation, 
EuCAP2006. Nice (France), 6-10 Nov. 2006. 
[4] DIALLO, A., LUXEY, C., LE THUC, P., STARAJ, R., 
KOSSIAVAS, G. Enhanced two-antenna structures for UMTS 
diversity terminals. IET Microwaves, Antennas and Propagation, 
February 2008, vol. 2, p. 93-101. 
[5] www.empire.de 
[6] FERRERO, F., LUXEY, C., STARAJ, R., JACQUEMOD, G., 
FUSCO, V. Compact quasi-lumped hybrid coupler tunable over 
a large frequency band. IET Electronics Letters, 13th September 
2007, vol. 43, no. 19, p. 1030-1031. 
[7] FERRERO, F., LUXEY, C., STARAJ, R., JACQUEMOD, G., 
YEDLIN, M., FUSCO, V. A novel quad-polarization agile patch 
antenna. IEEE Transactions on Antennas and Propagation, May 
2009, vol. 57, no. 5, p. 1562-1566. 
[8] FERRERO, F., LUXEY, C., STARAJ, R., JACQUEMOD, G., 
YEDLIN, M., FUSCO, V. Patch antenna with linear polarisation 
tilt control. IET Electronics Letters, 13th August 2009, vol. 45, no. 
17, p. 870-872. 
[9] FERRERO, F., LUXEY, C., STARAJ, R., JACQUEMOD, G., 
YEDLIN, M., FUSCO, V. Theory and design of a tunable quasi-
lumped quadrature hybrid coupler, Microwave and Optical 
Technology Letters, September 2009, vol. 51, no. 9, p. 2219-2222. 
[10] ANTONINO DAVIU, E. Analysis and design of antennas for 
wireless communications using modal methods. PhD thesis, 
Universidad Politecnica de Valencia, Spain, February 2008. 
[11] HAZDRA, P., HAMOUZ, P. On the modal superposition lying 
under the MoM matrix equations. Radioengineering, 2008, vol. 17, 
no. 3, p. 42-46.  
[12] HARRINGTON, R. F., MAUTZ, J. R. Theory of characteristic 
modes for conducting bodies. IEEE Transactions on Antennas and 
Propagation, 1971, vol. 19, no. 5, p. 622-628. 
[13] DENG, S-M. A study on the special characteristic of near isotropic 
or ball-like radiation pattern. In Antennas and Propagation Society 
International Symposium AP-S 2005, Washington (USA), 3-8 July 
2005, vol. 2A, p. 284-287. 
[14] HIRATA, A., MITSUZONO, S., SHIOZAWA, T. Feasibility study 
of adaptative nulling on handset for 4G mobile communications. 
IEEE Antennas and Wireless Propagation Letters, 2004, vol. 3, p. 
120-122. 
[15] DERAT, B., LI, Y., BOLOMEY, J.-CH. Limitations for mobile 
terminals in simultaneous maximization of bandwidth and 
efficiency in presence of a user. In Proc. 1st European Conf. on 
Antennas & Propagation, EuCAP2006, Nice (France), 6-10 Nov. 
2006. 
[16] RAHOLA, J., KROGERUS, J. On the polarization state of a 
mobile terminal. In Proc. ICAP 2003 Conference. Exeter (UK), 31 
March-3 April, 2003. 
About Authors 
Fabien FERRERO was born in Nice, France in 1980. He 
finalized his EPU engineer degree in electronics and his 
Master Propagation, Télédétection and Télécommunica-
tions in EDSTIC of Sophia Antipolis in 2003. He received 
the Ph.D. degree in electrical engineering in 2007 from the 
University of Nice-Sophia Antipolis. From 2008 to 2009, 
he worked for IMRA Europe (Aisin Seiki research center) 
as a research engineer and develops automotive antennas. 
He is currently working as a Post-Doc researcher at the 
LEAT (Laboratoire d’Electronique, Antennes et Telecom-
munications. His studies concerned RF MEMS, phase 
shifters and reconfigurable antennas. 
Aliou DIALLO was born in Dakar, Senegal. He received 
in 2004 the DEA degree, specialization in propagation, 
telecommunications and teledetection and the Ph.D in 
electronics in 2007 at the Electronics, Antennas and Tele-
communication Laboratory (CNRS-LEAT) of the Univer-
sity of Nice, Sophia- Antipolis. His major research area is 
antenna design and measurement methods for wireless 
communications, and multi-antenna solutions for diversity 
and MIMO purposes. During it Ph.D, he has presented 
several conference papers and he is the co-recipient of the 
H.W. Wheeler Award of the IEEE Antennas and Propaga-
tion Society for the best application paper of the year 2006 
of the Transactions on Antennas and Propagation journal. 
He also received in 2007 the best electronics Ph.D’s prize 
in France from the club of the professors (teaching and 
research) in electronics, electrotechnics and automatic and 
he is a co-recipient of the best collaboration paper of the 
EUCAP2007. Since 2008, he is an Associate professor at 
IUT electrical engineering of University of Nice-Sophia 
412 F. FERRERO, A. DIALLO, C. LUXEY, B. DERAT, P. HAMOUZ, P. HAZDRA, J. RAHOLA, TWO-ELEMENT PIFA ARRAY … 
Antipolis and researcher at the LEAT (Laboratoire 
d’Electronique, Antennes et Telecommunications-CNRS 
UMR 6071) of the University of Nice, France. 
Cyril LUXEY was born in Nice, France in 1971. He 
received the DEA (Master degree 1996) and the Ph.D. 
degree in electrical engineering (1999), both with honors 
(Summa Cum Laude), from the University of Nice-Sophia 
Antipolis, France. From 2000 to 2002, he was with Alcatel, 
Mobile Phone Division, Colombes, France, where he was 
involved in the design of mobile phone antennas for com-
mercial products. In 2003, he was recruited as an Associate 
Professor at the Polytechnic school of the University of 
Nice Sophia-Antipolis where he taught electromagnetics, 
antennas and RF microelectronics. Since Sept. 2009, he is 
a Full Professor at IUT Télécom&Réseaux of University of 
Nice-Sophia Antipolis. He is doing his research at the 
LEAT (Laboratoire d’Electronique, Antennes et Telecom-
munications-CNRS UMR 6071) of the University of Nice-
Sophia Antipolis, France. His research interests include 
design and measurement of electrically small antennas, 
multi-antenna systems, diversity and MIMO techniques, 
RFID antennas, silicon-based active integrated and 
MEMS-based printed antennas, antennas for biomedical 
applications and antennas for LTCC modules. He is a lec-
turer in the European School of Antennas for the “Indus-
trial Antennas” course. He is a member of the new Euro-
pean Association on Antennas and Propagation EurAAP 
and especially the manager of the “Small Antenna” Work-
ing Group which gather more than 20 academic institutions 
and companies. Cyril Luxey is also an IEEE Member and 
was recently elevated at the grade of Senior Member. He is 
a reviewer for several IEEE Transactions and several 
European and US conferences in the field of antennas and 
propagation. Pr. Cyril Luxey and his students received the 
H.W. Wheeler Award of the IEEE Antennas and Propaga-
tion Society for the best application paper of the year 2006 
of the Transactions on Antennas and Propagation journal. 
He is the co-recipient of the best paper of the EUCAP2007 
conference in the category “International Collaboration”. 
He is also the co-recipient of the best-paper award of the 
International Workshop on Antenna Technology 2009 
(iWAT). Cyril Luxey is the co-recipient of the 2007 ACE 
contest on the smallest and more efficient antenna in the 
dual-band category. He has authored or co-authored more 
than 30 technical papers in refereed journals, 5 book 
chapters, presented more than 60 papers in international 
conferences. 
Benoît DERAT was born in Drancy, France, in 1979. He 
received the Engineer degree from the Ecole Supérieure 
d’Electricité (Supélec), Gif-sur-Yvette, France, in 2002, 
and the Ph.D. degree in physics from the University of 
Paris XI, Orsay, France, in 2006, in collaboration with the 
mobile phones R&D Department of SAGEM Communica-
tion, Cergy-Pontoise, France. From 2006 to 2008, he 
worked for SAGEM Mobiles R&D as a Research Engineer 
and Expert in analytical and numerical modeling of elec-
tromagnetic radiation and near-field interactions. In 2009, 
he founded the Field Imaging S.A.R.L. company, provid-
ing services in his areas of expertise. His research interests 
include small antenna design and measurement, 3-D elec-
tromagnetic simulation, near-field power dissipation 
mechanisms and Specific Absorption Rate measurement 
and computation. Dr. Derat is currently involved in IEC 
PT62209 and ICES TC34 SC2 activities. Dr. Derat is the 
author and co-author of more than 40 peer-reviewed 
papers, book chapters and conference articles. He is a re-
viewer for the IEEE Instrumentation and Measurement 
Society and IET Electronic Letters. 
Pavel HAMOUZ was born in Rakovnik in 1982. He 
received the MSc. Degree from the Czech Technical 
University in Prague in 2007. His research interests include 
small antennas and numerical methods. 
Pavel HAZDRA was born in Prague, 1977. He received 
the MSc. Degree from the Czech Technical University in 
Prague in 2003 and the Ph.D. degree in radioengineering 
from the CTU-FEE in 2009. He is with the Department of 
Electromagnetic Field since 2003, now as a lecturer. His 
research interests include small, fractal-shaped radiators, 
numerical modeling and the theory of electromagnetic 
field. 
Jussi RAHOLA was born in Tuusula, Finland in 1965. He 
obtained the D.Sc. (Tech.) degree in numerical mathe-
matics from Helsinki University of Technology in 1996. 
From 1989 to 1999 he was working as an application 
specialist and a development manager in CSC-Scientific 
Computing Ltd., the Finnish center for information 
technology in science. During 1997-1998 he also worked 
in CERFACS, Toulouse, France as a post-doctoral 
researcher in the field of computational electromagnetics. 
From 2000 to 2009 he worked in Nokia Research Center 
and Nokia Devices R&D as a senior research engineer, 
research manager and principal scientist. In 2009 he 
founded Optenni Ltd as is working as its managing 
director. He has over 30 publications in international 
journals and conference proceedings. His research interests 
include antennas, computational electromagnetics and 
numerical mathematics. 
